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Abstract 
 
Using topside electron density measurements (Ne) 
recorded over Nicosia (geographic coordinates: 35.14oN, 
33.2oE) and Moscow (geographic Lat: 55.50 °N, Long: 
37.30 °E) we investigate the latitudinal variation of 
topside electron density during 2020 encompassing a 
period of low solar activity. The selected topside electron 
density dataset employed in this study is based on in-situ 
Langmuir probe data on board European Space Agency 
(ESA) Swarm satellites, in the vicinity of Nicosia and 
Moscow combined with coincident NmF2 values from the 
Digisondes at the two locations.  Our investigation 
demonstrates that the ratio Ne/NmF2 between coincident 
Swarm Ne and Digisonde NmF2 observations is higher 
than 1 on some occasions over Nicosia during nightime 
which is not the case over Moscow signifying a latitude 
based feature of Ne at Swarm altitudes worth exploring 
further.  
 
1 Introduction 
 
 
The ionospheric altitude range above the peak height of 
F2 layer and below the upper transition height 
corresponds to the topside ionosphere which contributes 
significantly to the total electron content (TEC) so it is 
mandatory to study its morphology using various 
measurement techniques. Although ionosondes is the 
principal technique for bottomside ionospheric monitoring 
it is impossible to study the variability and structure of 
topside ionosphere with vertical sounding because they 
can only probe up to the peak height of F2 layer so 
alternative approaches such as satellite topside sounders 
are necessary to monitor the topside ionosphere electron 
density profile. However the lack of satellite topside 
sounders which would be the ideal method to monitor 
topside ionosphere electron density, Langmuir probes 
(LP) on board low Earth orbit (LEO) satellites facilitate 
in-situ electron density measurements that have been 
incorporated on several present and past satellite mission 
payloads [1-5]. During the last decade a number of 
researchers have carried out comparison studies of 
satellite based LP data with alternative topside probing 
techniques [6,7]. 
 

Three identical satellites constitute the Swarm mission 
that is set in near-polar, circular orbit by the European 
Space Agency (ESA) since 2013 with a primary scientific 
focus on the study of the magnetic field of our planet. 
During the early stages of the mission all three satellites 
were flying at an altitude of 500 km. Later, Swarm A and 
C were shifted at 460 km while maintaining a longitudinal 
separation of about 1.4º and Swarm B to an approximate 
altitude of 530 km. A primary instrument on all three 
satellites is an Electric field instrument (EFI) [8], which 
records measurements of plasma density, velocity and 
drift at a high resolution. The EFI carries a pair of 
Langmuir probes (LP) that measure the in-situ electron 
density, electron temperature and electric potential from 
the high gain probe at 2 Hz. Comparison studies 
incorporated Swarm data and collocated Digisonde 
soundings for local bottomside and topside ionospheric 
studies [9]. 
 
 
2 Data 
 
In this study, we exploit Swarm A and B topside electron 
density passes over the longitude range within 2o of 
Nicosia and Moscow and simultaneous Digisonde F2-
layer peak electron density measurements NmF2 over the 
two stations of Nicosia and Moscow to investigate the 
temporal features of the ratio Ne/NmF2 over the two 
locations. 
 
Regarding the quality of Swarm electron density (Ne), the 
Ne Quality flag (≤29) and the Ionospheric Plasma 
Irregularities (IPIR) index (<3) has been chosen as per 
Swarm L2 product specifications guidelines. Digisonde 
NmF2 values at the altitude of the Swarm satellites were 
considered at a maximum of 7.5 min from any Swarm A 
or C passage over Cyprus.  
 
Figure 1 shows an example of a Swarm A pass over the 
two stations and the corresponding longitude electron 
density profile at an altitude of 460 km. By selecting an 
appropriate longitude range within 35o–56o in latitude and 
32o–38o in longitude we have gathered a considerable 
number of such passes in the vicinity of the two stations 
(within 0.5o in latitude and 2o in longitude) for year 2020 
which was at the lowest solar activity level of the 
previous solar cycle. These numbers were sufficient to 



draw some interesting conclusions regarding topside 
electron density at Swarm altitudes by exploiting the 
accuracy at which NmF2 is measured by Digisondes.   
 
 
Table 1. Number of electron density values in the vicinity  
of the two stations from the joint passes over the common 
longitude range. 

 
 
 

 
 
Figure 2. Swarm A projection and corresponding Ne 
variation vs latitude. 
 
 
 
3 Results and Discussion       
 
Figures 2 and 3 show the local time variation of the ratio 
of Ne_Swarm/Digisonde NmF2 (Ne/NmF2) for all passes 
considered for Swarm A and B over Moscow and Nicosia 
respectively. Ratios corresponding to Swarm A and 
Swarm B are indicated in red and green respectively.  It 
can be seen from these graphs that for the low solar 
activity year of 2020 the ratio Ne/NmF2 is less than 1 
during daytime and increases during night-time (0-4 LT & 
20-24 LT) reaching values up to 1.5 for Nicosia station as 
indicated in Figure 3. This is a very interesting finding  
since Ne/NmF2>1 indicates that topside electron density 
can exceed the peak electron density of the F2 layer over 
Nicosia during night-time, which is rather unexpected. 
 

The enhancement in Sx/C during nightime shows that 
Swarm satellites occasionally exhibit dramatically higher 
Ne values which contradicts  theory. These higher value 
of Swarm Ne may correspond to the long lasting 
latitudinal four peak structure in the nighttime ionosphere 
observed by the Swarm constellation. Xiong et al., (2019) 
have studied the four peak structure in the night-time 
ionosphere and they have reported that two mid latitude 
peaks appear close to ±40° magnetic latitude, while the 
two low latitude peaks appear within ±20° magnetic 
latitude. Such latitudinal four peak structures can persist 
throughout the night until sunrise hours. No clear seasonal 
dependence is found for the two mid latitude peaks, while 
the two low latitude peaks are almost symmetric about the 
magnetic equator during equinoxes but are located at 
slightly higher latitudes in the summer hemisphere around 
solstices [10].   
 

 
 
Figure 2. Variation of Ne/NmF2 over Moscow with 
respect to local time for (a) Swarm A (red points) and (b) 
Swarm B (green points). 
 

 
       
Figure 3. Variation of Ne/NmF2 over Nicosia with 
respect to local time for (a) Swarm A (red points) and (b) 
Swarm B (green points). 
 
 
 



 

 

 
 
Figure 4. Swarm A projection and corresponding Ne 
variation vs latitude with superimposed NmF2 values over 
Nicosia and Moscow.  
 
Figure 4 shows an example of the variation of electron 
density at Swarm A altitude (465 Km) with values of 
NmF2 over the locations of Nicosia and Moscow. This 
example is typical of the cases shown in Figures 3 and 4 
for which  night-time Ne/NmF2 ratio over Nicosia 
exceeds 1 and the corresponding ratio over Moscow is 
less than 1. Although during night-time it is expected for 
this ratio to be higher than daytime since hmF2 increases, 
approaching Swarm altitude, a value higher than 1 and 
especially as high as 1.5 is not reasonable and unexpected. 
In this study, we have also tried to use topside electron 
density data around to compare with Swarm A or B 
electron density around the same time and area, 
considering the fact that radio occultation (RO) profiles 
under specific criteria can provide accurate topside 
electron density information [11]. However no RO 
profiles were available over the area of interest at the time 
of the storm development. 
 
 
4 Conclusions 
 
This study demonstrated that the ratio 
Ne_Swarm/Digisonde NmF2  exhibits latitudinal changes 
and also a local time effect due to the smaller background 

density at nightime. The main finding of this regional 
focuses on the extraordinary values of Ne_Swarm during 
night-time, which could be attributed to the long lasting 
latitudinal four peak structure in the nighttime ionosphere 
observed by the Swarm constellation. Although quiet time 
TEC increases have been reported over Nicosia during 
low solar activity years we can not justify the excessive 
Ne_Swarm on NmF2 increases since we have to consider 
relative changes would be reflected both on Ne at the 
topside and NmF2 [12,13].This will be further explored in 
the near future by extending this investigation to a more 
extended geographical scope. 
 
5 Acknowledgements 
 
This paper is funded by the project “Retrospective 
modelling and prediction of Ionospheric weather” 
BILATERAL/RUSSIA(RFBR)/1118/0004 which is co-
funded by the Republic of Cyprus and the European 
Regional Development Fund (through the 'Bilateral 
Collaborations' RESTART 2016-2020 Programme for 
Research, Technological Development and Innovation). 
 
 
6 References 
 
1. Shen, X., Zhang, X., Yuan, S., Wang, L., Cao, J., 
Huang, J., Zhu, X., Piergiorgio, P., and Dai, J.: The state-
ofthe-art of the China Seismo-Electromagnetic Satellite 
mission, Science China Technological Sciences, 61, 634–
642. doi: 10.1007/s11431-018-9242-0. 
 
2. Kakinami, Y., Watanabe, S., & Oyama, K. I. (2008). 
An empirical model of electron density in low latitude at 
600 km obtained by Hinotori satellite. Advances in Space 
Research,41,1495–1499. doi: 10.1016/j.asr.2007.09.031. 
 
3. Lebreton, J.-P., Stverak, S., Travnicek, P., 
Maksimovic, M., Klinger, D., Lagoutte, D., et al. (2006). 
The ISL Langmuir probe experiment processing onboard 
DEMETER: Scientific objectives, description, and first 
results. Planetary and Space Science, 54, 472–486. doi: 
10.1016/j.pss.2005.10.017. 
 
4. Heise, S., N. Jakowski, A. Wehrenpfennig, C. 
Reigber, and H. Luhr (2002), Sounding of the topside 
ionosphere/plasmasphere based on GPS measurements 
from CHAMP: Initial results, Geophys. Res. Lett., 29(14), 
1699. doi: 10.1029/2002GL014738. 
 
5. de La Beaujardière,O. , et al. (2004), 
C/NOFS:Amission to forecast scintillation, J. Atmos. Sol. 
Terr. Phys., 66, 1573–1591, 
doi:10.1016/j.jastp.2004.07.030. 
 
6. Lomidze, L., Knudsen, D. J., Burchill, J., Kouznetsov, 
A., & Buchert, S. C. (2018). Calibration and validation of 
Swarm plasma densities and electron temperatures using 
ground-based radars and satellite radio occultation 



measurements. Radio Science, 53(1), 15–36. doi: 
10.1002/2017RS006415. 
 
7. McNamara, L. F., Cooke, D. L., Valladares, C. E., & 
Reinisch, B. W. (2007). Comparison of CHAMP and 
Digisonde plasma frequencies at Jicamarca, Peru. Radio 
Science, 42, RS2005. doi: 10.1029/2006RS003491. 
 
8. Knudsen, D. J., Burchill, J. K., Buchert, S. C., 
Eriksson, A. I., Gill, R., Wahlund, J.-E., … Moffat, B. 
(2017). Thermal ion imagers and Langmuir probes in the 
Swarm electric field instruments. Journal of Geophysical 
Research: Space Physics, 122(2), 2655–2673. doi: 
10.1002/2016JA022571. 
 
9. Singh AK, Haralambous H, Oikonomou C, Leontiou 
T. A topside investigation over a mid-latitude digisonde 
station in Cyprus. Advances in Space Research. 2021 
Jan;67(2):739-48 doi:10.1016/j.asr.2020.10.009. 
 
10. Xiong, C., Lühr, H., Sun, L., Luo, W., Park, J., & 
Hong, Y. (2019). Long-lasting latitudinal four-peak 
structure in the nighttime ionosphere observed by the 
Swarm constellation. Journal of Geophysical Research: 
Space Physics, 124, 9335– 9347. 
doi.org/10.1029/2019JA027096. 
 
11. Shaikh, M.M., Nava, B., Haralambous, H. (2018) 
On the Use of Topside RO-Derived Electron Density for 
Model Validation Journal of Geophysical Research: 
Space Physics, 123 (5), pp. 3943-3954.  
doi: 10.1029/2017JA025132. 
 
12. Cander, L. R, Haralambous. On the importance of 
total electron content enhancements during the extreme 
solar minimum. Advances in Space Research. 2011, 
47(2), 304-311. doi: 10.1016/j.asr.2010.08.026. 
 
13. Pignalberi, A., Pezzopane, M., Themens, D.R., 
Haralambous, H., Nava, B., Coisson, P. (2020) On the 
Analytical Description of the Topside Ionosphere by 
NeQuick: Modeling the Scale Height through 
COSMIC/FORMOSAT-3 Selected Data IEEE Journal of 
Selected Topics in Applied Earth Observations and 
Remote Sensing, 13,  1867-1878.  
doiI: 10.1109/JSTARS.2020.2986683 
 


